confirm these results in a nonveteran sample; however, our findings have significant population health relevance because the VHA is the largest US health care system. These findings suggest that although invasive outpatient procedures are not routinely included in patient safety or quality measurement, they account for a significant burden of postprocedure care. Improving surveillance of invasive procedures may lead to quality improvement initiatives that can benefit patients while potentially reducing ED visits and admissions.
Association of Comorbidities With Adverse Outcomes After Enterostomy Closure in Premature Neonates
Surgical emergencies in premature neonates, such as necrotizing enterocolitis, spontaneous intestinal perforation, intestinal obstruction, complicated gastroschisis, and malrotation with volvulus, are often treated with bowel resection and enterostomy, leading to complications such as infection, stricture, liver disease, impaired growth, and developmental delay.
1-3 Enterostomy closure has been shown to improve weight gain in most neonates.
3
Many institutions choose arbitrary weight targets of 2.0 to 2.5 kg at closure to minimize postoperative complications. 4, 5 We sought to determine the safety of enterostomy closure in premature neonates weighing less than 2 kg and to identify risk factors for adverse outcomes.
Methods | The 2012-2015 American College of Surgeons National Surgical Quality Improvement Program-Pediatric database was used for this study. 6 Preterm infants (<37 weeks' gestational age) undergoing enterostomy closure before 6 months of age were selected using Current Procedural Terminology codes 44620 (closure of enterostomy, large or small intestine), 44625 (closure of enterostomy, large or small intestine, with resection and anastomosis other than colorectal), 44626 (closure of enterostomy, large or small intestine, with resection and colorectal anastomosis), and 44227 (laparoscopy, surgical, closure of enterostomy, large or small intestine). Risk factors for 30-day mortality were assessed using logistic regression, conducted with Stata (StataCorp). The University of Tennessee Health Science Center Institutional Review Board exempted this database research from review.
Results | A total of 755 patients (302 girls and 453 boys; median gestational age, 27 weeks [interquartile range, 25-31 weeks]) were identified at 80 hospitals. Of these, 91 patients weighed less than 2 kg at enterostomy closure, 23 weighed less than 1.5 kg, and 5 weighed less than 1 kg. There were significant differences in baseline characteristics ( Eight patients (1.1%) died within 30 days of surgery, including 4 of 91 patients (4.4%) weighing less than 2 kg. Database review revealed an association between the operation and death in 6 of 8 infants. On univariate analysis, weight less than 2 kg at enterostomy closure was associated with 30-day mortality (odds ratio [OR], 7.19; 95% CI, 1.51-34.34; P = .01) ( Table 2) . American Society of Anesthesiologists class of 4 or greater was also associated with death (OR, 18.65; 95% CI, 4.27-81.53; P < .001). However, after adjusting for comorbidities, weight less than 2 kg was not associated with mortality (OR, 2.97; 95% CI, 0.52-17.17; P = .22).
Corticosteroid use within 30 days of surgery, often used for ventilator weaning, was independently associated with mortality (OR, 6.60; 95% CI 1.32-32.91; P = .02). In contrast, use of supplemental oxygen was not independently associated with mortality (OR, 0.75; 95% CI, 0.15-3.70; P = .72). The strongest independent risk factor for mortality was positive pressure ventilation (OR, 72.6; 95% CI, 3.7-1403.7 ; P = .005). Eight of 100 patients (8.0%) receiving positive pressure ventilation at the time of surgery died; all patients not requiring positive pressure ventilation survived.
Discussion | We have demonstrated that weight should not be a primary determinant of when to close an enterostomy in premature neonates. Prior studies, which typically did not account for comorbidities, reported mixed results on the safety of enterostomy closure in patients of low weight.
4,5 Our study, including more than 7 times the number of patients as the next-largest study on this topic, demonstrates that comorbidities (predominantly respiratory), not weight, are the key determinants of the safety of enterostomy closure in premature neonates. A limitation of our study is that the decision to operate on patients of a given weight was not randomized. Operations performed on patients of higher weights may have been undertaken because of institutional biases, when the infant might have safely undergone an operation earlier. Conversely, some operations performed in patients weighing less than 2 kg may have been undertaken earlier than desired, owing to failure to gain weight or other reasons. However, bias would tend to overestimate the risks of operating on patients of a lower weight, supporting rather than undermining our findings. In addition, the National Surgical Quality Improvement Program-Pediatric database captures only complications within 30 days after an operation and does not provide individual hospital identifiers or characteristics, precluding determination of hospital-level variation.
Absent major comorbidities, enterostomy closure in patients weighing less than 2 kg may be safe. However, surgery should be deferred in patients with an American Society of Anesthesiologists class of 4 or greater, those who require positive pressure ventilation, or who have recent corticosteroid use, as these transient risk factors often resolve with time.
